A model for peripheral heavy ion reactions is proposed in which the reaction mechanism is governed by the number of nucleon-nucleon collisions taking place during the interaction. A general random walk process leads to simple expressions for the mass yields. Angular distributions are obtained as the convolution of distributions due to deflection by the ion-ion potential and recoil effects due to the change in mass.
Introduction
In recent years much attention has been devoted to elucidating the mechanism of the reaction taking place between two heavy ions undergoing peripheral collisions [1] [2] [3] . At energies ranging from the Coulomb barrier to ~2 GeV/nucleon the cross section is dominated by fragments with mass inferior to that of the projectile although some pick-up cross-section is also observed [47. Above ~ 15 MeV/nucleon the cross sections seem to vary little with bombarding energy [5] . Fragments with mass close to that of the projectile have angular distributions which are strongly forward peaked. As the mass loss increases the pronounced forward peaking is progressively attenuated and the distributions become flatter. It is the purpose of this work to show that all of these facts can be simply understood in terms of two postulates.
a) The mechanism is mediated by the number of nucleon-nucleon collisions taking place along the trajectory describing the relative motion of protectile and target.
b) The deflection of the projectile-like fragment is produced in part by the potential acting between the ions and in part by recoil effects due to the mass change. The emphasis in the present work is on developing these postulates in order to account for the general features of the reaction mechanism described above. Thus, no detailed comparision with experimental data will be presented. Furthermore, a major approximation is made in which the instantaneous effect of the transfer processes on the trajectory used to describe relative motion is ignored. A similar approximation is inherent in the treatment of reference 12 where the deflection is considered to arise entirely from recoil effects. For the mass transfer itself we will develop a generalised random walk process in which the number of "steps" is equal to the number of nucleon-nucleon collisions. This procedure will be described in the following section. Angular distributions will be discussed in Sect. 3 and in Sect. 4 we make some concluding remarks.
Mass Transfer
The first postulate presented in the introduction has already been successfully used by Karol [71 and by Kox et al. [8] to predict total reaction cross-sections. In Karol's formalism the average number of nucleon-nucleon collisions is obtained in the optical limit of Glauber theory [9] as:
where the integral in square brackets represents the convolution of projectile and target densities which in turn is integrated over the (supposed) straight line trajectory in the beam (z) direction. In Eq. (1), b is the impact parameter and ~,, is the isospin averaged nucleon-nucleon cross-section which depends on incident energy. For a given value of T the probability for exactly n collisions is:
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o Karol further simplified Eq. (3) by employing an approximate Gaussian form for the dependence of the projectile target convolution integral on the radial separation of their mass centres. We will write this as:
Equation (1) then yields:
This approximation immediately allows a simple calculation of the cross-section for exactly n collisions.
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which if n ~ Kff.n reduces simply to:
27ca 2 %~--(7) H Since 8n,, which is roughly inversely proportional to the beam energy per nucleon constitutes the only energy dependant term in (6) this last result suggests that cross-sections may be largely independant of energy provided that the number of collisions calculated for b=0 remains greater than the projectile mass. In order to calculate the cross-section for projectile mass loss we invoke a rather general random walk process in which each nucleon-nucleon collision leads to loss or gain of a piece of mass Am with probability PAm. A simple process along these lines is generated by taking only inelastic scattering and nucleon loss or gain into account (Am=0, +/-1). We will follow this process explicitly since it illustrates some important effects.
The probability for losing mass m is given by:
where Qn is the probability for exactly n collisions and the Gnm factor represents the random walk: (9) i! j! k! with n=i+j+k, m=i-j and P_I+P+I+Po=I. Inserting Eqs. (2) and (9) into Eq. (8) we obtain:
in which we have replaced the constrained sum ijkn by the unconstrained sum ~. To fix ideas we now ijk assume/'1> P+I-Performing the sum over k (which does not involve the constraint) and inserting j=i -m we finally obtain:
where Im is a Modified Bessel function of order m.
The corresponding cross-section may be obtained as in Eq. (6) by integrating over T. In the limit that K~,, > m one obtains:
where a_~ is the cross section for picking up mass onto the projectile. We note the surprising fact that cross sections for mass loss are independant of the precise values of the probabilities and that the pickup cross-section exhibits the experimentally observed rapid fall-off. As a further sophistication of this nucleon transfer model we may take into account a fusion cross section by cutting off the integration over impact parameter at the value obtained from the experimental fusion cross section (a fusion= nb2). These results are summarized in Fig. 1 which also shows the composition in n, the number of collisions for two mass losses.
Of course the results obtained above may easily be generalised to include pick-up and stripping of fragments other than nucleons. The result of including fragments A m>l in the calculation is simply to generate an oscillation with period Am about the nucleon transfer result.
